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Abstract 
Design procedure of large blow moulding machine rack is discussed in the article. A strength checking method is 
presented. Finite element analysis is conducted in the design procedure by ANSYS software. The actual situation 
of the rack load bearing is fully considered. The necessary means to simplify the model are done. The dimensional 
linear element Beam 188 is analyzed. MESH200 is used to mesh. Therefore, it simplifies the analysis 
process and improves computational efficiency. The maximum deformation of rack is 8.037mm: it is occurred in the 
position of accumulator head. The result states: it meets the national standard curvature which is not greater 
than 0.3% of the total channel length; it also meets strength requirement that the maximum stress was 54.112MPa.
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1. Introduction 
In recent years, with the rapid development of chemical industry and the fast expansion of chemical 
products in international trade, large hollow containers have rapid growth in demand. Intermediate Bulk 
Container (IBC) has a lot of characteristics such as a large capacity, light weight, high strength, corrosion 
resistance, etc. So it is an essential tool in warehousing and transporting the liquid products. Blow 
Moulding Machine is composed of accumulator head, robots, mould bodies, extrusion machine, electric 
control boxes, rack, pneumatic systems, hydraulic systems and so on. Plastic hollow products are 
processed as follows: firstly, molten plastic was transformed from the hopper to the head by extruder 
heating; Secondly plastic parison is extruded through the head and then the mould is Shute; thirdly, 
compressed air is injected into plastic parison by gas mouth or gas needle, and then plastic parison is 
a Corresponding author:  Tel.:13306291975; E-mail address: zhu.zhs@ntu.edu.cn. 
Open access under CC BY-NC-ND license.
 © 2011 Published by Elsevier B.V. 
Selection and/or peer-review under responsibility of Garry Lee.
Open access under CC BY-NC-ND license.
GU Fei-fei et al. / Physics Procedia 22 (2011) 252 – 257 253
blown up quickly in the hot state, finally, plastic hollow products are formed by cooling. Rack is a critical 
part in blow moulding machine and performs an important function in supporting. Rack is mainly used to 
place electric controller, Pneumatic system, screw machine, accumulator head and other equipment and 
tools. The analyses of rack structure, Stress distribution and deformation are very significant to improve 
the reliability of blow moulding machine. 
Load size and distribution on blow moulding machine rack are fully considered in this article and rack 
structure is designed. The static analysis and checking of rack are done by ANSYS structural 
linear static module. The command stream is used to achieve rack modelling, loading, solving and post-
processing during the analysis process. So, the degree of flexibility is greatly improved and the design 
cycle is shortened. The process of ANSYS analysis is shown in figure 1: fist, the model is simplified 
according to the load distribution and constraints on the tack. Second, MESH200 unit is created. The rack 
is composed of channel steel 16 by welding, and its cross-section is same. MESH200 mesh can 
effectively optimize meshing and improve computational efficiency. Third, according to the size of the 
rack structure, the finite element model is generated by the way of top-down modelling. Constraints and 
loads are imposed on the finite element model. Finally, the rack deformation and stress distribution are 
analyzed by solution module. 
Fig.1 Rack analysis process 
Simplified the model 
2. Structure design 
According to carrying capacity, channel steel 16 is preliminary chosen as the main component of rack. 
Ribs are set in appropriate place to reinforce the strength. The structure of rack needs to meet the 
following requirements: 
(1) Four bearings of accumulator head should be located in nodes of channel steels. 
(2)Two screw machines should be placed in channel steels and the hopper should be laid in nodes of 
channel steels. 
(3) Rack structure need to meet the strength and stiffness requirement. 
(4)Rack has the light weight and low cost under the premise of the (3). 
Rack is used to place two screws and accumulator head. In order to facilitate the operation and 
walking, sufficient space should be left around two screws. So centre distance of aisle is determined as 
471mm. Screw machine length is about 4900mm and its width is 930mm. So centre distance of machine 
screws is 930mm. Accumulator head is connected with screw machine terminal and its width is about 
1790mm, so centre distance of channel steel which is placed accumulator head is determined 1790mm. 
Motor and gearbox are located near the screw machine hopper. Their volume is relatively large. The size 
of channel steel which is placed Motor and gearbox is expanded to 2800mm×836.3mm. Figure 2 
shows the final frame. 
Creating the MESH200 
Top-down modelling 
Applied loads and constraints
Solution
Set material properties
Creating key points 
Generating the mode 
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Fig.2 the rack structure 
3. Strength check 
3.1 Model simplification 
Rack model is shown in Figure 3. It is a combination of channel 16. The parameters are as follows: 
h=160mm, b=65mm, d=8.5mm, t=10mm, r=10mm, r1=5mm, s=25.162mm. Rack nodes are connected 
mainly by welding. When bearing load, rack has large draw press stress and bending stress. 
Accumulator head is placed in the right of the rack. Its quality is 10t. Accumulator head is jointed with 
the rack through four bearings. Therefore, the load can be simplified to four concentrations. They are 
F1=25000N, F2=25000N, F3=25000N, F4=25000N. Screw machines are placed in the left of the rack. 
The weight of screw machines, motor and gearbox is mainly concentrated in hopper. It is 4t. The 
concentrations are F5=40000N, F6=40000N. 
Fig.3 the rack model 
3.2 Create MESH200 
The rack is a combination of channel 16. Its cross-section should be defined during the modelling 
process. A MESH200 auxiliary unit is created and named OBM. MESH200 unit can effectively simplify 
the analysis process and improve computational efficiency. MESH200 unit is an auxiliary unit and 
designed to meshing. It has no effect on the results. Rack section is shown in figure4: Firstly, the eight 
key points of cross section are generated in the XOY plane. Secondly, lines are created between the 
adjacent points and the custom cross-section is finished. Finally, select the way of meshing. The eight 
node quadrilateral is used to free mesh and grid size is defined as 10. The area of cross-section is 
6336mm2. Its inertia is as follows: Iyy=0.246E+08, Iyz=-0.14E-08, Izz=-0.139E+08. Key command 
stream is as shown below˖
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ET, 1, MESH200                








K, 8,-130/2,160/2                      *generate eight key points   
A, 1, 2, 3, 4 
A, 5, 6, 7, 8                                *line 
ASBA, 2, 1                                 *create the cross-section 
MSHKEY, 0                               *free mesh  
AESIZE, all, 10                          *define the grid size 
AMESH, ALL 
SECWRITE, OBM                     *save the cross-section as OBM 
Fig.4 the cross-section of the auxiliary unit 
3.3 Top-down modeling 
3.3.1Define material properties 
The material of channel steel 16 is Q235. The parameters are as follows: Elastic modulus is 
2.1×105MPa, Poisson's ratio is 0.3 and yield limit is 235MPa. The form of finite element model is beam 
188. Beam 188 is a three-dimensional linear finite element. The number of the cross-section is defined as 
No.1. Material properties are defined by the command streams ET and MP. The type of the cross-section 
is chosen by the command streams SECTYPE; SECREAD and SECPLOT. And then, cross-section file is 
read and the custom section of OBM is displayed. 
3.3.2 Create finite element model 
As the rack is symmetrical about the Y axis, the points on the right side of X axis are firstly generated 
by the command streams K and KGEN. Then as shown in figure 5a, the points on the left side of X axis 
are mirrored through the KSYMM command. Unit properties of lines in X and Y direction are set 
respectively. Then finite element model is divided into grids freely. Finite element mesh model is 
finished. There are 184 nodes and 110 units eventually. As shown in figure 5a. Key command stream is as 
shown below˖
K, 99 
K, 100, 100000 
K, 101, 0, 100000                        *create directional points 
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ALLSEL
LSEL, S, tan1, y                           *Choose the line on the Y direction 
LATT, 1, 1, 1, , 99, 100, 1            *Define the property of the line 
ALLSEL
LSEL, s, tan1,  x                           *Choose the line on the X direction 
LATT, 1, 1, 1, , 99, 100, 1            *Define the property of the line 
ALLSEL
LESIZE, all, , , 1, , , , , 0 
LMESH, all                                   *meshing 
Fig.5. (a) key points; (b) line 
3.4 Determining loads and constraints 
Constraints and loads distribution are shown in Figure 6. The four angular point of rack is fixed by 
using the four pillars which the height of is 3455mm. All constraints are selected. Accumulator head is 
mounted the right of the rack. Accumulator head is jointed with the rack through four bearings. Therefore, 
the load can be simplified to four concentrations, as follows: they are F1=25000N, F2=25000N, 
F3=25000N, F4=25000N. Screw machines are placed in the left of the rack. The weight of 
screw machines, motor and gearbox is mainly concentrated in hopper. The concentrations are 
F5=40000N, F6=40000N. The loads are applied by the command F. The linear acceleration is defined as -
9800.
Fig.6 Constraints and loads distribution of the rack
3.5 Solution 
The deflection of the rack is shown in Figure 7a. The main deformation is occurred in the position of 
accumulator head. The maximum deformation is 8.037mm. The national standard of channel steel is that 
curvature is not larger than 0.3% of the total length. The 0.3% of the total length is that 
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L=8451mm×0.003=25.353. It is in line with national standards. Stress distribution of the rack is shown in 
Figure 7b. The maximum stress of the rack is 54.112MPa. The yield limit of Q235 is 235MPa. It meets 
the safety standards.
Fig.7. (a) deformation; (b) stress distribution 
4. Conclusion 
The load distribution of the rack is fully considered and the structure of the rack is designed. A large-
scale finite element model of the blow moulding machine rack is established, and its linear static analysis 
is performed. Displacement, stress, strain and other related data is obtained. The command stream is used 
during the analysis process. It is more flexible than the traditional method GUI. The rack meets the 
strength and stiffness requirements from the calculation results. To a certain extent, it gives a reference to 
the reliability of large blow moulding machine and provides new ideas to calculating structural 
deformation stress distribution. 
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